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INTRODUCTION

Since the Nation's armed forces include increasing numbers of female personnel, potential

problems in the design and sizing of protective clothing and equipment have become apparent.

These problems arise from the fact that most protective equipment and clothing now used by

the armed forces were designed specifically for males. The improper fit of clothing and

equipment can affect the safety, efficiency and productivity of personnel. Although fit is

important for all apparel and equipment ite;,as, it is especially critical for those areas of

design associated with the protection of the head and face.

In the past, most sizing and design of equipment relied on using three or four (small,

medium, large, extra large) sizes which were proportionally scaled-up or scaled-down variants

of an "average" person. The traditional size system assumes that measurements are, in

general, proportional to each other. Thus, if one knows these proportions and knows, for

instance, one of the key measurements, then the design technician has all the relevant size

information necessary for adequate design. The extent to which the assumption of

proportionality is invalid across groups results in a lower overall effective utilization of the

equipment by large segments of the population.

More recently, an anthropometric sizing system was developed for oral-nasal oxygen masks

(Alexander and McConville: 1979a). A four size system was designed based upon the key

dimension of face length. Other critical dimensions were established as the regression mean

values plus or minus a criterion standard deviation for the variable of interest. The system

was designed and tested for male subjects only.

Recent studies (cf. McConville, Robinette and White: 1981) have documented the fact that

anthropometric differences in body dimensions exist between genders which rule out the use

of a "down-sized" male sizing system for females. The specific differences which preclude

the "down-sizing" option are gender differences in proportionality among various

measurements. The impact of differences of this type on head and face equipment is not

fully documented.

In a preliminary study, selected head and face anthropometric differences between gender

groups were analyzed and quantified. This was accomplished through a series of multivariate
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stepwise discriminant analyses on selected data taken from the 1977 survey of Army women.

The discriminant analysis technique provides a description of the differences between two

groups (females and males) on all relevant variables while taking into account the

interrelationship among these variables. In addition, the analysis also provides information

pertaining to how accurately subjects are classified (males and females) based on the

variables selected.

In summary, all stepwise discriminant analyses for gender comparisons for the complete set

and four variable subsets evaluated were significant (p < 0.0001). Individual classification

success rates varied from 79.4 to 100.0% with canonical correlations coefficients averaging

0.766. Based upon these results, it was evident that differences between the sexes existed

based upon the head and face parameters investigated.

Two possible solutions to the inadequacy of "down-sizing" male equipment for use by females

are:

1) Separate sizing system for females based upon observed female face measurements

2) Single system that incorporates differences in variable proportions based upon the

values of a few key dimensions.

While the first option will likely produce equipment with the best overall fit, the costs

incurred in the production of two separate sets of items which meet the same functional need

is something to be avoided if at all possible. The second option offers a compromise between

the inadequacy of a "down-sized" male system and the redundancy of a separate sizing system

for each gender group. However, if such a system is to work, research must be conducted to

identify where differences in proportionality exist, and which, if any, key face dimensions

can vary with these observed differences.

The purpose of this study was to identify differences in the proportionality among face

dimensions between sexes which could affect the design and development of an adequate

sizing system that will provide a high degree of proper fit of equipment for both male and

female personnel. Specifically, this research report focused on those measurements that are

known to be important in the design and sizing of protective face masks.
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The methodology employed used multiple discriminant analysis and multiple regression

techniques to help identify the differences in proportionality between genders. The

discriminant analyses were used to identify key dimensions, i.e., face measures which show

the greatest proportional differences between sexes; while multiple regression was used to

estimate the relationships between the key dimensions identified and other variables important

to the proper fit of protective face masks.

In summary, 19 of the 27 mean parameter kalues were significantly (p < 0.05) greater for the

males compared to one for the females. No differences were found for the vertex

measurements relative to the nose and eyes (ectocanthus, sellion, pronasale and subnasale),

interpupillary distance, glabella-tragion and ectocanthus-tragion. Overall, 72.5% of the zero-

order correlation coefficients were significantly (p < 0.05) different from zero while only 9.7%

were greater than 0.71. In general, vertex measures correlated highly with each other as did

tragion measures accounting for the majority (91.2%) of the correlations greater than 0.71.

Similar results were observed between gender groups.

The results of the discriminant analyses indicated significant divergence from cross-gender

anthropometric proportionality. Eleven (40.7%) and 13 (48.1%) variables entered the non-

forced and forced models, respectively, with three standardized coefficients greater than 0.500

in each model and two and three negative coefficients, respectively. Overall, the women

exhibited proportionality greater interpupillary and pronasale distances and shorter distances

for all other measurements. An average canonical correlation coefficient of 0.82 and a

93.3% mean classification success rate were obtained. Males were miscl-Issified more often

than females (8.3 vs 4.8%) and the distribution of the misclassified individuals within the

overlap region tended to be variable specific.

The results of the regression analyses further supported the lack of cross-gender

proportionality. For those models using sellion-menton and face breadth as the independent

variables, the cross-gender interactions occurred with face breadth. The effect was

distributed across all the head and face dimensions "Ithough its impact was greatest on the

vertex and tragion distances. For the second model (bitragion-submandibular arc and sellion-

menton) the sex interactions involved the sellion-menton distance and the variables associated

with vertex distances and facial breadths. In general, neither model produced very accurate

results especially in the overlap regions of the male and female data sets.
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This final report is divided into three chapters. Chapter I contains a brief review of

selected reports to give the reader background information. Chapter II includes a discussion

of the analytical procedures used to evaluate the data and Chapter III contains the results

of the analysis along with a discussion of the findings.
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CihAPTER I

BACKGROUND

This chapter contains a review of selected literature in order to provide the reader with

background information. The review of anthropometric literature presented is divided into

two anthropometric areas: a) head and face and b) sex related. Since these areas are not

mutually exclusive some reports are included in both sections.

Head and Face Anthropometry

A number of different measurement techniques have been used during the course of the past

35 years to evaluate the anthropometric characteristics of the human head and face. Hursch

(1976) described the historical development of the techniques used to study cranial form.

Some of the measurement techniques which have been used include simple distances, angles

and indices, surface determining methods, full surface or volume methods and holography.

Once the measurements have been obtained, the results have been subjected to a number of

analytical techniques including both univariate and multivariate analysis. The primary method

used to date, however, has been the simple measurement technique, and it is upon this

technique that most of the research presented is based.

The basic purpose for most of the studies, as they relate to the present study, has been the

design of head and facial equipment and clothing for military and civilian populations.

Damon, Stoudt and McFarland (1971) published a designer's handbook relating anthropometric

information on the human body to the design of equipment. The handbook provides

information on several head and face measurements, including head length, head breadth and

interpupillary distance, and described the relevance of their measurements to equipment,

clothing and workspace for both men and women.

One of the early studies done by Churchill and Daniels (1953) used data from a 1950 survey

of over 4000 Air Force flying personnel to evaluate head and face anthropometry. Variable

definitions, regression equations and standard errors are provided in the report. The results

include nomograms for estimating each of 12 head dimensions based on known values of head

length and head breadth, and head breadth and head circumference.
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Along similar lines, a study conducted by Alexander, Zeigen and Emanuel (1961) presents

three-dimensional representations of head and face data. Statistical sizing systems are

established on the basis of key dimensions of total face length and lip length. The headform

series, as a basis for helmet sizing, was based on the single key dimension of head

circumference.

More recently other researchers have also studied the design of helmets and face masks.

McConville and Clauser (1977) found, as did Alexander et al. (1961), that the most

appropriate sizing dimension for helmets was head circumference. The authors compared the

head and face anthropometry of different ASCC nations in relation to helmet design. When

viewed against the variability of any single sample, the differences in head dimensions

between the various groups were relatively small.

In another study related to the sizing of oxygen masks, Alexander and McConville (1979a)

analyzed 36 head and face measurements from the 1967 survey of USAF men. A description

of the steps involved in the process of completing the anthropometric sizing analysis is

included. In general, the findings indicate that face dimensions have a relatively low

correlation with each other. These results are similar to the results presented in a previous

study by Tebbetts, Churchill & McConville (1980). Regression equations were used to

evaluate the proportions of upper and lower face length. The results indicated that four

sizes of masks were sufficient to cover the USAF male flying population. Similar to the

findings in the earlier study (Alexander et al. 1961) face length, or, more specifically, the

menton-nasal root length, was found to be the key dimension for the sizing of face masks.

This dimension was the only one used as a sizing criterion for mask design. In addition, the

breadth of the face-piece was based on two key dimensions: bizygomatic breadth and

bigonial breadth.

A more recent pool of data including measurements on the head and face of females was

provided by McConville, Churchill, Churchill and White (1977). The authors reported the

results of a measurement study involving 1331 women and 287 men for the U.S. Army. The

results are contained in a series of reports. Subseries C includes the head and face

measurements taken, while subseries A includes the measurements of head length, head

breadth and head circumference. In addition to the three basic head measurements, 34 head

and face measurements were made on a subset of 102 men. The data from this report are

being used in the present study.

10



As part of a study on anthropometry of the U.S. Army personnel, Tebbetts et al. (1980)

measured head and face variables on male subjects of which approximately three-fourths were

white, one-fourth black, and two percent oriental. Of interest to designers is their finding,

based on an evaluation of correlation coefficients, that not only do the head and face

measurements have a poor relaLionship to each other but they also have little relationship to

other body measurements.

In addition to the work concerning head and face measurement done by the military, research

has been carried out in other areas such as physical anthropology. One study (DeVilliers,

1968) was based on research involving the skull of the South African Negro. In general

sexual differences were found to be significant. The male skull was found to be larger in

nearly all dimensions compared to the female skull, with significant differences observed in

all but five cases out of 51 dimensions. The sexual dimorphism of the skull of the South

African Negro was associated mainly with the mandible, while the sexual differences in the

shape of the skull were less pronounced and reflected the infantile characteristics of the

female skull. The most significant sex differences were found to be the height of the

mandibular ramus, breadth of the face, and, to a lesser degree, length and height of the

cranial vault. Many cranial indices do not distinguish between females and males, rather, the

sexual differences are reflected in the mandibular indices.

In summary, anthropometric study has been carried out on measurements of the head and

face on both men and women, and on individuals of different racial heritage. Much of the

work has been conducted by the military, with the intention of designing equipment such as

helmets and face masks. In general, the results indicate that much variability exists within a

given population with regard to head and face measurements.

Sex Related Anthropometry

Much of the early work involving sex related anthropometry has been conducted on civilian

populations. Studies by O'Brien (1930) and O'Brien and Shelton (1941) as well as those by

the early physical educators (Gould, 1930; Jorgenson and Hatlestad, 1940) included female

populations in their investigations. These studies were concerned with total body

anthropometric data rather than head and face data. Some differences were found to exist

between males and females in terms of body dimensions.
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Other more recent work in the area of sexual dimorphism has been completed by physical

anthropologists. De Villiers (1968) studied the skulls of South African Negroes. Significant

sex differences were found. The results indicated that the male skull was larger in 46 out

of the 51 dimensions measured. The sexual dimorphism of the skull of the South African

Negro was found to be associated mainly with the mandible. Many cranial indices did not

distinguish between males and females, but rather sexual differences were reflected in the

mandibular indices. The most significant sex differences were: height of the mandibular

ramus, breadth of the face, and, to a lesser degree, length and height of the cranial vault.

Sex differences in the shape of the skull were found to be less pronounced, and reflective of

the infantile characteristics of the female skull.

Factor analysis and discriminant function analysis were employed by Choi and Trotter (1975)

in a study of race-sex differences among fetal skeletons. Twenty-one measurements on each

of 115 American white and Negro fetal skeletons were evaluated. The result indicated that

the factor patterns of race-sex groups were similar. The discriminant analysis results showed

that differences between the sexes were more marked than those between different races.

The authors concluded that possible race and sex differences are less discernable among fetal

skeletons than adult skeletons.

Bleibtreu and Taylor (1976) also used multivariate techniques (discriminant function analysis

and canonical analysis) to categorize sexual dimorphism and racial groups. Boys and girls of

four ethnic groups (N = 637) were studied. Previous results in this area have indicated that

the "best" metric predictors differ among ethnic groups of the same chronological age. The

results of this study indicated that the most important sex discriminators for children were

limb joint diameters and dimensions of the head and face (except for the American Indians).

Head and face measures were found to be the only important linear measurements.

In the sex-related anthropometric literature on military populations in the United States, the

investigation reported by Churchill and Bernhardi (1957) on Women's Air Force (WAF) basic

trainees served as a supplement to an original report in 1952 on WAF trainees. Based on 61

body dimension measurements, 1830 correlation coefficient pairings were obtained. Regression

equations were provided for estimating all other dimensions.

Laubach, McConville, Churchill and White (1977) reported information from the first

anthropometric survey of United States Army females in 30 years, involving 128 measurements
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on body size dimensions, 9 measurements of static strength, and 14 workspace dimensions.

T!. purpose of the study was to obtain and develop statistical data on female static muscle

strength. The ultimate goal was to aid its the design of clothing, protective equipment, and

workspace and industrial equipment. The first report in the series described the methodology

involved, including landmarks used and procedures involved. The total series of measurements

was divided into five separate groups. First, the core series included all subject and 69

conventional body size measurements. Each of the remaining four series included one-fourth

of the subjects. Subseries 1 included approximately 24 additional conventional measures and

several skinfold measurements. Subseries 2 involved 14 workspace measurements, while

Subseries 3 included 31 head and face measurements. Subseries 4 involved nine strength

measurements.

Another report on the results from an anthropometric survey of Army men and women was

provided by McConville, Churchill, Churchill and White (1977). This survey involved 1331

United States Army women and 287 men. Subseries A included measurements of length,

breadth and circumference of the head, while subseries C included head and face

measurements.

One of the purposes for these extensive surveys is for the design of clothing and equipment

for military men and women. Robinette, Churchill and McConville (1979) attempted to

document true differences in body size and proportions between USAF men and women in

relation to current design or changes in design. The data base used was the 1977 Army

survey (McConville, Churchill, Churchill and White, 1977) of females and males. Fifty-six

measurements were compared and evaluated with regard to the investigation of two main

assumptions: 1) female body size can be represented by scaling down male body dimensions

and 2) that males and females of approximately equal body weight and stature are

approximately equal in all other proportions. The authors concluded that females cannot be

represented accurately by scaling down male proportions and dimensions and that some

height/weight samples indicate a degree of similarity between the sexes for selected

dimensions. Among the dimensions which were the least reliable were those involving body

tissue commonly associated with secondary sex characteristics (such as hip circumference,

chest depth, and bicep circumference/flexed). Hand, foot and head dimensions were other

subgroups that did not scale down satisfactorily for females or match the corresponding male

values.
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Alexander and McConville (1979h) presented a series of height/weight sizing programs used by

designers of protective clothing for USAF men. The sizing values were based on an analysis

of 1967 surve) data involving 71 dimensions, excluding head, hand and foot measurements.

The authors stated that, for the purposes of a general sizing program, the significant

proportional differences between the sexes cannot be reconciled by the assumption that

females require simply smaller scaled sizes of the same garments worn by men.

The report prepared by McConville, Robinette and White (1981) documented research leading

to the development of an integrated male/female sizing system incorporating the body size

data of persons of both sexes and taking into account the areas of disproportionality between

them. The concepts underlying the development of a sizing system are presented along with

the problems. The actual sizing programs developed are presented in a format usable for

designers and pattern makers in a separate report (Robinette, Churchill & Tebbetts, 1981).

The approach used in the study (McConville, Robinette & White, 1981) was to identify key

sizing variables that exert some level of control on variations of body size and

proportionality found between the sexes for dimensions critical to the fit and function of the

clothing item being sized. Stature and shoulder circumference were identified as the basis

for sizing upper body garments. Crotch height and hip circumference were established as key

dimensions for lower body unisex sizing programs. A system of 20 sizes was selected as

adequate for both upper and lower body clothing systems.

In summary, literature in the area of sex differences in anthropometric measurements

indicates that significant differences do exist between the sexes. These differences must be

identified and used in the design of equipment, clothing and workspaces that are to be used

by both men and women.

14



CHAPTER Ii

PROCEDURES

This chapter contains sample and variable descriptions along with a description of the

primary procedures used in the data analysis.

Sample Description

The data for the analysis were acquired from the AFAMRL Anthropometric Data Bank

Library: Volume IX, 1977 Survey of Army Women. The data were taken from the

anthropometric survey conducted on U.S. Army women during the winter of 1976-77 at four

Army bases under the U.S. Army Research & Development Command, Natick, Massachusetts.

The results of this survey are reported in the Anthropometry of Women of the U.S. Army-

1977 which was published in five reports identified in the bibliography. The data used in the

present analysis were taken from the head and face subseries. Only the data for white

subjects were used in the analysis resulting in 158 female and 72 male data sets.

Variable Description

The 27 descriptive parameters used in the analysis are identified in Table I and defined in

Appendix A. These variables were all taken from the head and face sub-series measurements

made on a sample of 216 females and 102 males. Only the data for the 158 white females

and 72 white males were used in the present study.

Sixteen of the measurements provide vertical and horizontal coordinates relative to the top

and back of the head. Five points on the profile are identified: menton, subnasale,

pronasale, sellion (the deepest point in the nasal root depression), and glabella (a point on

the forehead between the brow ridges), along with two non-profile points: ectocanthus (the

outer corner of the eye) and tragion (the cartilaginous notch just forward of the ear hole).

In addition, the vertical distance to the point of contact of the lips in the profile plane

(stomion) and the horizontal distance to the most posterior point in the profile plane of

either lip were measured.

Eight measurements are distances between points in the profile plane (sellion-menton, sellion-

subnasale) or breadths across the face (biocular, interpupillary, nose, face, bitragion, and

minimum frontal). Three measurements are arc lengths: measured from the right tragion to
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Table 1. Variables Used in Face Mask Analysis

1. Sellion-Tragion

2. Sibnasale-Tragion

3. Menton-Tragion

4. Glabella-Tragion

5. Pronasale-Tragion

6. Stomnion-Tragion

7. Ectocanthus-Tragion

8. Bitragion- Frontal Arc

9. Bitragion -Menton Arc

10. Bitragion-Submandibular Arc

11. Tragion-Wall

12. Bitragion -Breadth

13. Tragion-Vertex

14. Ectocan th us-Vertex

15. Glabella- Vertex

16. Sellion-Vertex

17. Pro nasale -Vertex

18. Su bnasale- Vertex

19. Stomion-Vertex

20. Menton-Vertex

21. Sellion-Menton

22. Minimum-Frontal Breadth

23. Face Breadth

24. Biocular Breadth

25. Interpupillary Distance

26. Sell ion -Subnasale

27. Nose Breadth
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the left tragion with a tape which passed variously across the forehead (bitragion-frontal),

under the chin (bitragion-menton), and under the jaw (bitragion-submandibular).

Discriminant Analysis

In a preliminary study, selected head and face anthropometric differences between gender

groups were analyzed and quantified through a series of multivariate stepwise discriminant

analyses on selected data taken from the 1977 survey of Army women. All estimated

discriminant functions for gender comparisons were significant (p < 0.0001). For white

subjects only, the standardized coefficients for the four primary overall head size

measurements were -1.470 (circumference), 1.242 (length), -0.382 (menton-vertex) and 0.164

(breadth). A subset of similar variables and their corresponding coefficients obtained from

the analysis included those measured from the vertex: tragion (-0.503), ectocanthus (1.196),

glabella (-0.266), sellion (0.764), pronasale (-0.890), subnasale (-0.484), stomion (-0.402) and

menton (-0.382). The differences noted among the signs of these similar measurements

indicate a general lack of proportionality suggesting that a design based upon proportionality

will be inadequate.

Multiple discriminant analysis is a particular procedure that is part of the general linear

model. In the two-group situation (for example, males and females), this procedure is

equivalent to multiple regression with a discrete variable having two levels (Kerlinger and

Pedhazur; 1973: 377). The general form of the model is:

Dik = dilZlk + di 2 z 2 k + ... + dipzpk (EQ 1)

where Di is the score for the k-th individual on discriminant function i, the d's are the

standardized discriminant coefficients and the z's are the p independent variables in standard

form. Given that there are only two groups of individual cases (males or females), there is

only one discriminant function and EQ 1 reduces to the form:

Dk = d1Zlk + d 2 Z2k + ... + dPZpk (EQ 2)

Thus, the discriminant function for the two-group condition is little more than an estimated

regression equation, with the only difference being the adjustment of the data for the group

and total sample centroids or means (Nie, et al., 1975: 443).
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The following basic assumptions about the statistical nature of the data are important for

discriminant analysis:

1. All variables are measures on an interval or ratio scale.

2. Data cases must be assignable into one of two or more mutually exclusive groups.

3. Discriminating variables cannot be linear combinations of one or more other

discriminating variables used in the analysis.

4. Equality must exist between the population covariance matrices.

5. Populations from which the samples are drawn are multivariate normal

(Klecka, 1980: 8-10).

In this application of discriminant analysis, stepwise inclusion of variables was used to

identify face measurements which demonstrate significant disproportionality across gender

groups. In addition, the stepwise procedure provides insight as to the relative importance of

each measurement compared to all other variables in the model with regard to cross-gender

disproportionality. That is, variables which enter the model early are judged more

disproportionate than those which enter the model late.

Two specific discriminant analyses were performed on the data set in this study. In the first

analysis the two independent variables sellion-menton and face breadth were forced into the

discriminant function first. After this initial step, all remaining variables were allowed to

enter the model based upon a statistically significant (p < 0.05) Mahalanobis Distance (D2).

In the second analysis no variables were forced into the model and all variables were allowed

to enter based upon the Mahalanobis Distance criteria used in the first application.

Regression Analysis

After identifying the most important variables in defining the disproportionality between

males and females, the next step was to determine how these variables relate to other

variables which are known to be important for the proper fit of face masks. This was
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accomplished using multiple regression analysis procedures to estimate two sets of regression

equations. Sellion-menton and face breadth, and the two highest loading variables from the

unforced discriminant analysis were used as the independent variable pairs. The dependent

variable set for each of the two sets of regression equations consisted of all other variables

used in the analysis.

The basic assumptions of multiple regression analysis are:

1. All variables are measured on an interval or ratio scale.

2. Relationships between the independent and dependent variables are linear.

3. Residuals are normally distributed with equal variances across the ranges of the

independent variables.

4. Residuals are not correlated with the independent variables in the model.

5. Populations from which the samples are drawn are multivariate normal

(Blalock, 1972: 386-389).

All regressions were estimated using two forms of the model. The first form is:

Y = a + b1X1 + b2X2  (EQ 3)

where Y is the dependent variable, the X's are the independent variables, the b's are the

estimated partial regression coefficients and the a value is the intercept. This form of the

model was estimated separately for the males and females. The second form of the model is:

Y = a + blX 1 + b2X 2 + b3 X3 + b4X 4 + b5 X6 (EQ 4)

where Y is the dependent variable, X, and X2 are the independent variables, X3 is a dummy

variable representing gender with males equal to 0 and females equal to 1, X4 and X5 are

cross-product interaction terms between sex and X1 and X2, and a is the value of the

intercept.
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While Equation 3 is a predictive model, Equation 4 provides the information necessary to

understand in what ways the structural relationships among various face dimensions vary
across genders. Equation 5 is Equation 4 rewritten with comparable terms grouped:

Y = (a + b3 X3 ) + (b1 X1 + b4 X4 ) + (b 2X2 + b5X5 ) (EQ 5)

Given that X3 can take the value of 0 or 1 and that X4 and X5 are the products of X3 and

X1, and X. and X2, respectively, when X3 equals zero Equation 5 reduces to Equation 3 since
all product terms of X3 also become zero. Thus, the estimated values of b3, b4 and b5

illustrate the differences between female and male estimated values of a, b, and b2,

respectively. Thus, a significant b. indicates that the intercepts are different across

genders, even after the effects of the independent variables have been accounted for.

However, a significant b4 or b5 implies a difference in the calculus between the independent

and dependent variables across sexes. It is these differences that are of primary importance

in this research.

In estimating both Equations 3 and 4 all relevant independent variables were allowed to enter

the models simultaneously. Only the lack of sufficient tolerance precludes a variable from

entering the model. In this application, a minimum tolerance level of 0.10 was used.

Equation 3 provides information as to the likely impact that differences between the sexes

will have on the design and sizing of face masks. Male and female results were generated

for each dependent variable for the various combinations of independent variables by

inputting data values common to both males and females. The output of the male equation

was then compared to the outcome of the female equation.
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CHAPTER III

RESULTS AND CONCLUSIONS

This chapter contains the results of the analyses and an assessment of the likely impact that

the findings will have on the proper design and fit of protective face equipment.

Descriptive Statistics

Table 2 contains the means and standard deviations for the total sample as well as for each

gender group. Nineteen of the 27 mean values for males are statistically greater (p < 0.05)

than the corresponding female values. The only female value that is statistically greater is

the glabella-vertex distance. However, it is worth noting that no gender differences exist

for the vertex measurements relative to the nose and eyes (ectocanthus, sellion, pronasale

and subnasale). The remaining non-significant differences are for interpupillary distance,

glabella-tragion and ectocanthus-tragion.

Tables 3, 4 and 5 contain the zero-order correlation coefficients for the male, female and

total samples, respectively. An examination of these data indicates the presence of some

multicollinearity. In each of the tables there are 351 cells. The numbers of coefficients

significantly (p < 0.05) different from zero are 202 (57.5%), 267 (76.1%) and 295 (84.0%) for

the male, female and total samples, respectively. Overall, only 9.7% of the coefficients have

magnitudes equal to or greater than 0.71 indicating at least 50% common variance. The

general pattern is for vertex measures (except for tragion-vertex) to correlate highly with

each other (95.2% > 0.71) as do the tragion measures (except for tragion wall) to a lesser

extent (52.4% > 0.71). The intercorrelations between these two subsets, however, are

noticeably lower with all values being less than 0.50.

The presence of multicollinearity within the two blocks of variables noted above (vertex and

tragion) could impact the analysis. With excessive multicollinearity, one of the basic

problems of a stepwise procedure is that the order of entry into the model can be unstable

across samples which come from the same population (Kachigan, 1982: 228).

The final aspect of the data contained in Tables 3, 4 and 5 is the reasonably similar results

noted between genders. This is important since an assumption of discriminant analysis is
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that the correlation between any two predictor variables must be similar within the

respective populations (Kachigan, 1982: 219).

Discriminant Analyses

Tables 6 and 7 contain the results of the discriminant analyses for the model with no forced

variables and the model in which sellion-menton distance and face breadth were the forced

variables, respectively. Each table is divided into two panels. The top panel contains the

step in which each variable entered the model, the standardized discriminant coefficient for

each variable that met the criteria for entering the model, the overall canonical correlation

coefficient and the proportion of correctly classified cases for the model. The step entered

indicates the relative discriminating strength of each variable after adjusting for all variables

previously entered into the model. For example, the results in Table 6 demonstrate that, as

a single variable, sellion-menton distance has the greatest discriminating strength of all the

variables used in the analysis. In addition, once differences in this variable have been

accounted for, bitragion-submandibular arc contributes the next greatest degree of

discriminating strength. This process is repeated until all variables meeting the criteria for

inclusion in the model are entered.

The standardized discriminant coefficients reflect the relative strength and direction of the

effect of each variable in the model after all variables meeting the inclusion criteria have

been entered. Thus, while the sellion-menton distance has the greatest discriminating power

by itself, when combined with the other variables in the model it is only the sixth most

influential measure. When all variables are entered into the model, the pronasale-vertex

distance becomes the most influential variable.

The model with no forced variables (Table 6) is the one to which the other model is

compared. The first four variables to enter the model were sellion-menton, bitragion-

submandibular arc, tragion-wall and ectocanthus-vertex. These measures include

representative variables of the major dimensions that define the head and face, i.e., upper

and lower head length (ectocanthus-vertex and sellion-menton), depth (tragion-wall) and

breadth (bitragion-submandibular arc). The fact that representative measures of these various

dimensions enter the model provides evidence that I) there are differences in proportionality
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Table 6. Discriminant Analysis of Selected Head and Face Measures
With Gender as the Dependent Variable and No Variables
Forced into the Model

Standardized
Independent Step Discriminant
Variables Entered Coefficient

Pronasale- Vertex 3 -1.569
Ectocanthus-Vertex 4 0.769
Interpupillary Distance 7 -0.521
Sellion-Subnasale 5 0.492
Sellion-Vertex 11 0.484
Sellion-Menton 1 0.389
Bitragion-Submandibular Arc 2 0.367
Face Breadth 6 0.307
Minimum-Frontal Breadth 10 0.251
Biocular Breadth 8 0.249
Tragion-Wall 9 0.200

Canonical Correlation = 0.810

Proportion Correctly Classified by Function

Males = 91.7%
Females = 93.7%
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Table 6. Continued

Independent Structural
Variables Coef ficient

Sellion-Menton 0.573
Bitragion-Submandibular Arc 0.544
Bi tragion -Menton Arc 0.516
Face Breadth 0.447
Sell ion -Subnasale 0.429
Bitragion -Frontal Arc 0.4 14
Biocular Breadth 0.393
Nose Breadth 0.362
Minimum-Frontal Breadth 0.343
Bitragion Breadth 0.321
Glabella-Tragion 0.306
Pronasale-Tragion 0.304
Menton-Tragion 0.297
Sellion-Tragion 0.291
Menton-Vertex 0.278
Stomnion-Tragion 0.259
Tragion-Vertex 0.257
Subnasale-Tragion 0.246
Ectocanthus-Tragion 0.238
Tragion-Wall 0.195
Stomion-Vertex 0.132
Glabella- Vertex -0.104
Interpupillary Distance 0.084
Sellion-Vertex -0.063
Ectocanthus- Vertex 0.050
Pronasale- Vertex -0.043
Subnasale- Vertex 0.015
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Table 7. Discriminant Analysis of Selected Head and Face Measures
With Gender as the Dependent Variable and Sellion-to-Menton
Distance and Face Breadth Forced into the Model

Standardized
Independent Step Discriminant
Variables Entered Coefficient

Pronasale- Vertex 4 -1.518
Ectocanthus- Vertex 5 0.696
Interpupillary Distance 8 -0.501
Sellion-Vertex 12 0.494
Face Breadth 2 -0.488
Sellion-Subnasale 6 0.455
Minimum-Frontal Breadth 9 0.450
Sellion-Menton 1 0.430
Bitragion-Submandibular Arc 3 0.389
Bitragion Breadth 13 0.320
Nose Breadth 7 0.314
Biocular Breadth 10 0.270
Tragion-Wall 11 0.202

Canonical Correlation - 0.816

Proportion Correctly Classified by Function

Males = 91.7%
Females = 94.9%
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Table 7. Continued

Independent Structural
Variables Coeff icient

Sellion-Menton 0.560
Bitragion-Submandibular Arc 0.532
Bitragion- Menton Arc 0.503
Sellion-Subnasale 0.420
Bitragion- Frontal Arc 0.395
Biocular Breadth 0.384
Face Breadth 0.357
Nose Breadth 0.354
Minimum-Frontal Breadth 0.335
Bitragion Breadth 0.327
Menton-Tragion 0.320
Pronasale -Tragion 0.305
Glabella-Tragion 0.297
Sellion-Tragion 0.284
Men ton-Ve~rtex 0.277
Stomnion-Tragion 0.263
Subnasale-Tragion 0.249
Tragion- Vertex 0.235
Ectocanthus-Tragion 0.228
Tragion-Wall 0.191
Stomion-Vertex 0.133
Glabella- Vertex -0.110
Interpupillary Distance 0.082
Sellion-Vertex -0.062
Ectocanthus-Vertex 0.049
Pronasal-Vertex -0.042
Subnasale- Vertex 0.0 13
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across genders, and 2) that this lack of inter-gender proportionality is not isolated to a

single dimension, thus complicating the development of a single sizing and design system for

head and face protective equipment.

In all, only eleven variables met the criteria for entry. It is interesting to note that only

one arc measure (bitragion-submandibular arc), one tragion measure (tragion-wall) and three

vertex measures (pronasale, ectocanthus and sellion) met the criterion for entry. This was

probably due to the high intercorrelations within these subsets of variables.

Once all variables were entered in the model, the strengths of the first two variables entered

(sellion-menton and bitragion-submandibular arc) diminished to sixth and seventh place with

standardized discriminant coefficients of 0.389 and 0.367, respectively. The sign and the

magnitude of the standardized discriminant coefficients are also important in understanding

the manner in which the structure of the female head and face differs from that of males.

For instance, in terms of net size, i.e., the relative size of a measurement once all other

measurements in the model have been controlled, women have greater pronasale-vertex and

interpupillary distances than do men. In addition, the effect of these differences is quite

strong as indicated by the magnitudes of the standardized coefficients (-1.569 and -0.521).

The results of the discriminant analysis also indicate a lack of inter-gender proportionality

within the vertex dimension of head structure. Thus, while the analysis indicates that the

vertex dimension of males is greater than that of females, the proportional distance between

the points pronasale and ectocanthus, controlling for all other variables in the model, is

greater for females than for males.

The combination of the cross-gender differences noted above and the sign and magnitude of

the standardized discriminant coefficient for interpupillary distance indicates differences

between sexes in the location of the eyes relative to other head and face landmarks. These

differences must be accounted for when designing sizing systems for head and face protective

equipment.

The canonical correlation coefficient and proportion correctly classified are measures of the

adequacy of the overall discriminant function. As previously mentioned, when applying

discriminant analysis to a two group situation, the procedure becomes analogous to multiple
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regression with a dichotomous dependent variable. The canonical correlation coefficient, in

this case, is nothing more than the multiple regression correlation coefficient.

The proportion correctly classified by the function indicates the percent of all cases in the

sample that would have been correctly classified by gender from the function if the actual

sexes of the cases were unknown. Obviously, this has little practical application in this

study other than as a measure of the power of the function. The overall model appears to

have reasonably good discriminating power with an average of 92.7% of all cases being

correctly classified and a canonical correlation coefficient of 0.81.

The bottom panel of Table 6 contains the structural coefficients. These represent the zero-

order correlation coefficients between the independent variables and the estimated

discriminant scores for each subject in the sample. Thus, they provide information as to how

each variable relates to the overall estimated discriminant function.

A review of the structural coefficients in Table 6 indicates that the estimated discriminant

function is not highly correlated with any particular variable. The highest coefficient is

0.573. Thus, less than a third of the total variance of the discriminant scores is shared by

any one variable. Yet, there appears to be some general ordering of shared variation

between the discriminant scores and major groups of variables. For instance, the most highly

correlated group of measures with the discriminant function contains variables which relate

to the size of the lower part of the face (sellion distances), followed by breadth measures,

then tragion measures and, lastly, vertex measures.

Table 7 contains the results of the discriminant analysis where sellion-menton distance and

face breadth were forced into the model as the first two independent variables. A

comparison of these data with the Table 6 results reveals some notable differences between

the two. Two additional variables entered into the model (bitragion breadth and face

breadth) with standardized coefficients of 0.320 and -0.488, respectively. Minimum-frontal

breadth makes a greater contribution (0.251 to 0.450) than in the preceding analysis. Only

minor differences between the performances of the two models were observed. The second

model has a canonical correlation coefficient of 0.82 compared to 0.81 and the proportions

correctly classified by the estimated functions were similar (93.3 vs 92.7%). Finally, a

comparison of the structural coefficients between the two models indicates a considerable

similarity in the mathematical structure of the two estimated discriminant functions. This is
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evident by the fact that the structural coefficients (the zero-order correlations coefficients

between each independent variable and the estimated factor scores) are similar across the

two models with differences ranging from 0.001 to 0.023 with a mean difference of only

0.008.

Overall, the results of the discriminant analyses indicate significant divergence from cross-

gender anthropometric proportionality. For example, if there was perfect proportionality,

only one variable would ever enter the discriminant function since all other variables would

be mathematical transformations of that one variable. However, in these models, 11 ant" 13

variables entered, with coefficients greater than 0.500 for three of the variables in each

model. In addition, the signs associated with each coefficient give the direction of the

disproportionality. For example, after controlling for all other variables women are likely to

have proportionately greater interpupillary and pronasale distances and shorter distances for

all other measurements.

Bivariate Distribution Plots

Figures 1 through 4 contain gender-specific bivariate distribution plots for 1) sellion-menton

distance by bitragion-submandibular arc and 2) sellion-menton distance by face breadth. Each

plot indicates the location of the male or female sub-samples across the two selected

variables. In addition, those subjects incorrectly classified by one or more of the functions

are indicated with an "X".

A cross-gender comparison of the distribution of cases within each bivariate plot conforms to

what one would expect given the sex differences in the mean values of the three variables

used in the plots.

For all three variables (sellion-menton, bitragion-submandibular arc and face breadth) the

male cases tend to cluster at the larger end of the distributions while the female cases are

concentrated at the smaller end. The overlap regions for the three variables are

approximately 50, 73 and 54%, respectively, indicating a more homogeneous grouping for the

bitragion-submandibular arc measures.

For the sellion-menton measure the misclassified males are clustered at the smaller end of

the distribution while the females are more evenly distributed over the mid and upper range
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within their distribution. All misclassified individuals fall within about 50% of the overlap

region between the two distributions. For face breadth, both genders are more evenly

distributed over a greater portion (80%) of the overlap region with males tending more

toward the smaller end and females toward the larger end. This result goes along with the

previous observation of a greater overall overlap region for this variable. The distributions

of the misclassified individuals for the bitragion-submandibular arc variable are similar to

face breadth distributions in that they tend to be more evenly distributed but over a lesser

portion (45%) of the overlap region.

Due to the relatively small number of male cases in the sample, caution is warranted in

drawing conclusions about differences between the distributions of the incorrectly classified

cases across genders. Overall 6 (8.3%) of the 72 males were misclassified, (Figure 1 and

Figure 3, respectively), while only 8 (5.1%) and 7 (4.4%) of the 158 females were

misclassified, (Figure 2 and Figure 4, respectively).

Regression Analyses

Thus far the analyses have illustrated a statistical deviation from anthropometric

proportionality across genders. Those variable groups responsible for the lack of

proportionality are vertex and breadth measures. However, to provide the designer with

information that can be used to improve the design and fit of face masks, more detail on the

anthropometric differences between males and females must be documented. To obtain this

necessary detail, regression analyses were employed.

Tables 8 through 11 contain the results of the regression analyses which estimate the

relationships between two different sets of two independent variables (face breadth and

sellion-menton and bitragion-submandibular arc and sellion menton) and all other variables

used in the analyses. In addition to the above sets of independent measures, the dichotomous

variables sex (with males coded zero and females coded one) was also used in the estimations

as were the cross-product interactions between sex and each of the two independent

measures. The variable sex and the two cross-product interactions were included in the

analyses to provide insight as to the nature of the lack of proportionality. While significant

estimated coefficients for the cross-product interactions indicate a lack of proportionality, a

significant coefficient for the variable sex does not. Instead, a significant coefficient for sex

only implies that the two genders differ with regard to the intercept even after controlling
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Table 9. Regression Coefficients of the Sex - Face Breadth
Interactions as a Percent of Face Breadth
Coeff icients

Dependent Interaction Face Breadth
Variables Coeff icients Coefficients Percent

Subnasale-Tragion -0.019 0.182 10.24

Menton-Tragion -0.033 0.281 11.57

Stomion-Tragion -0.020 0.225 8.68

Bitragion -Menton Arc -0.041 1.1 17 3.69

Bitragion-Submandibular Arc -0.074 1.356 5.48

Bitragion Breadth -0.015 0.838 1.78

Glabella-Vertex 0.031 0.269 11.52

Pronasale -Vertex 0.042 0.297 14.23

Subnasale -Vertex 0.038 0.28 1 13.40

Stomnion-Vertex 0.024 0.292 8.14

Menton-Vertex 0.022 0.261 8.53

Biocular Breadth -0.014 0.414 3.49

Interpupillary Distance 0.015 0.257 5.66

Nose Breadth -0.015 0.161 9.21
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Table 11. Regression Coefficients of the Sex - Sellion-Menton
Interactions as a Percent of Sellion-Menton
Coeff icients

Dependent Interaction Sellion-Menton Ratio
Variables Coefficients Coeff icients (Percent)

Glabella-Vertex 0.049 -0.125 39.45

Sellion-Vertex 0.043 -0.169 25.44

Pronasale- Vertex 0.069 0.144 48.00

Subnasale -Vertex 0.060 0.200 30.17

Stomion-Vertex 0.048 0.334 14.34

Menton-Vertex 0.04 1 0.753 5.49

Biocular Breadth -0.017 0.152 10.87

Interpupillary Distance 0.017 0.161 10.68

Nose Breadth -0.014 0.008 174.10
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for the two independent measures. A complete listing of all male and female regression

equations for all models is given in Tables 13 and 14, Appendix B.

An examination of Table 8 demonstrates a very limited degree of association between face

breadth and sellion-menton and the other face dimensions. Even though 24 of the 25

estimated models are statistically significant, only four (bitragion breadth, bitragion-

submandibular arc, bitragion-menton arc and sellion-subnasal) have adjusted R2 values greater

than 0.500. The remaining 20 significant models have a mean adjusted R2 value of only

0.203. For 23 of the 25 models face breadth is statistically significant while sellion-menton

is significant for 16 of the models. Neither sex nor the interaction of sex and sellion-

menton attained sufficient tolerance levels to enter the models. However, the sex-face

breadth interaction is significant for 14 models. The pattern of the interactions is consistent

with the results of the discriminant analyses. All major groups of variables (tragion, arc,

vertex and breadth measures) are represented in the equations where the sex-face breadth

interactions are significant. In addition, the signs of the estimated coefficients are as

expected. That is, all coefficients are negative for tragion, breadth, and arc measures

indicating smaller measures for females after controlling for sellion-menton and face breadth.

Conversely, the coefficients for the vertex measures are positive indicating larger measures

for these variables once the two independent measures are controlled.

To assess the potential impact that the observed lack of proportionality has on the design

and fit of facemasks, each significant interaction coefficient was compared to the face

breadth coefficient. The results are contained in Table 9. It appears that the vertex

measures are most affected by the interactions followed by the tragion measures. The arc

measures and the breadth measures appear least affected.

In summary, these results indicate a lack of proportionality across genders with regard to the

structure of the head and face. In general, one could conclude that once face length

(sellion-menton) and face breadth are controlled, women's faces are likely to exhibit less

depth (tragion measures), breadth and arc (a function of the first two dimensions).

Conversely, the upper parts of women's faces (vertex measures) are likely to be longer than

men's. In addition, it is the vertex measures which are proportionately most affected.

Table 10 contains the estimated regression models in which bitragion-submandibular arc and

sellion-menton distance were used as the independent variables. A comparison of the results
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from this analysis with those presented in Table 8 reveals that the substitution of

submandibular arc length for face breadth results in models which provide slightly better

predictions for most of the dependent measures, with the exceptions being the breadth

measures. Even though all 25 models are statistically significant, only two (bitragion-menton

arc and sellion-subnasale) have adjusted R2 values greater than 0.500. The remaining 23

models have a slightly greater mean adjusted R2 value of 0.216. Sellion-menton is significant

for only 14 models compared with 16 in the previous model (Table 8) while bitragion-

submandibular arc is not significant for three of the models. Similar to the previous results,

the sex variable fails to meet the tolerance criteria for inclusion in the model. The

significant difference between the models estimated in Table 8 and those estimated in Table

10 is that while the sex-sellion-menton interaction failed to enter any of the equations in

Table 8, this interaction term is significant for 9 models in this analysis. Similar to the

previous model, the sex-bitragion-submandibular arc interaction never achieved sufficient

tolerance to enter any of the equations.

The distribution of the significant interaction term is somewhat more restricted in the

equations in Table 10. While significant interaction effects were found within all four head

and face dimensions in the previous model, in the current models the interactions are limited

to the vertex and breadth dimensions. However, the relative impact of the sex-sellion-

menton interactions is much greater compared to the sex-face breadth interactions (Table 11).

For example, five of the nine interaction terms are greater than 25% of the sellion-menton

coefficients and the coefficient for nose breadth is 1.74 times greater than that of the

sellion-menton coefficient. The signs of the interaction coefficients are consistent with

those observed in Table 8. That is, once bitragion-submandibular arc and sellion-menton are

controlled, females have larger vertex distances and smaller facial breadth measurements.

Overall, the regression analyses indicate the presence of a considerable lack of cross-gender

proportionality within the anthropometric structure of the head and face. For those models

where sellion-menton and face breadth were used as independent variables, the cross-gender

interaction occurred with face breadth. In addition, its effect is distributed across all

dimensions of the head and facial structure, although its impact is greatest on vertex and

tragion distances. For models where bitragion-submandibular arc and sellion-menton were

used as the independent variables, the sex interaction involves the sellion-menton distance.

For this set of equations, the interactions are restricted to vertex distances and facial

breadths. However, the impact is much greater than for the other set of equations.
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Table 12 contains a summary of the differences in the output from the male and female

specific regression models. A more detailed listing of the differences is given in Tables 15

and 16, Appendix C. Two sets of gender specific models were used. One set relied on

sellion-menton distance and face breadth as the independent variables, while the other set

used sellion-menton distance and bitragion-submandibular arc. Input data for these

independent variables were obtained by selecting values common to both the male and female

sub-samples. After estimating values for the dependent variables, corresponding female

ebtimates were subtracted from the male estimates. Therefore negative values indicate larger

predicted female dimensions.

For the sellion-menton distance - face breadth models, the greatest disparities between

genders occur within the estimates of bitragion-submandibur arc, with a maximum difference

of 16mm and a minimum difference of 5mm. The smallest differences were found for the

estimates o~f sellion-tragion distance (0.28,-0.12mm). The estimated to-vertex measures are

consistently smaller for the men, with pronasale-vertex having the greatest differences (-5.05,

-6.33mm) within this group. The opposite paLtern was observed for the to-tragion measures,

with the exception of the ectocanthus-tragion distance. Overall, the estimated breadth

measures are greater for the men, with the exception of interpupillary distance.

For the models estimated from bitragion-submandibular arc and sellion-menton distance, the

differences in estimated values for the other arc measures were significantly decreased. The

estimated to-vertex measures remain greater for the women. However, the differences are

larger than those estimated in the previous models. In addition, the pattern of differences

within the to-tragion measures is not as consistent as was found for the sellion-menton-

face breadth model. For example, three of the seven estimated maximum to-tragion measures

and four of the seven minimum values are greater for females compared to none and three

values, respectively, for the previous models.

In summarizing the results from Table 12, it appears that estimating male and female head

and face measurements from a single model produces inaccurate results, at least within those

regions where the distributions for the males and females overlap. In addition, there appears

to be a pattern to the inaccuracies. In general, male models under-estimate to-vertex and

interpupillary distances of females, while overestimating most other measures.
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APPENDIX A

VARIABLE DESCRIPTIONS

The variable descriptions and figures included in this Appendix are modified from figures
shown in Tebbetts, Churchill & McConville (1980).
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I. SELLION-TRAGION: horizontal distance from the deepest point in the
nasal root depression to the cartilaginous notch just forward of the
ear hole.

2. SUBNASALE-TRAGION: horizontal distance from the base of the nasal
septum to the cartilaginous notch just forward of the ear hole.

3. MENTON-TRAGION: horizontal distance from the tip of the chin to
the cartilaginous notch just forward of the ear hole.

4. GLABELLA-TRAGION: horizontal distance from the most anterior
point between the brow ridges to the cartilaginous notch just forward
of the ear hole.

5. PRONASALE-TRAGION: horizonal distance from the base of the nasal
septum to the cartilaginous notch just forward of the ear hole.

6. STOMION-TRAGION: horizontal distance from the point of contact of
the lips in the midsagittal plane to the cartilaginous notch just
forward of the ear hole.

7. ECTOCANTHUS-TRAGION: horizontal distance from the outer corner
of the eye to the cartilaginous notch just forward of the ear hole.

8. BITRAGION-FRONTAL ARC: distance from right tragion (the notch
just forward of the ear hole) to left tragion measured across the
forehead.

9. BITRAGION-MENTON ARC: distance from right tragion (the notch
just forward of the ear hole) to left tragion measured with the tape
passing under the tip of the chin.

10. BITRAGION-SUBMANDIBULAR ARC: distance from right tragion (the
notch just forward of the ear hole) to left tragion measured with the
tape passing under the gonial angles of the jaw and over the jaw-neck
juncture.

11. TRAGION TO WALL: horizontal distance from the cartilaginous notch
just forward of the ear hole to the coronal plan tangent to the back
of the head.

12. BITRAGION BREADTH: breadth of the head between the notches just
forward of the ear holes.

13. TRAGION-VERTEX: vertical distance from the cartilaginous notch just
forward of the ear hole to the level of the top of the head.

14. ECTOCANTHUS TO VERTEX: vertical distance from the outer corner
of the eye to the level of the top of the head.
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15. GLABAELLA TO VERTEX: vertical distance from the most anterior
point between the brow ridges to top of the head.

16. SELLION TO VERTEX: vertical distance from the deepest point in the
nasal root depression to top of the head.

17. PRONASALE TO VERTEX: vertical distance from tip of the nose to top of the
head.

18. SUBNASALE TO VERTEX: vertical distance from the base of the
nasal septum to the level of the top of the head.

19. STOMION TO VERTEX: vertical distance from the point of contact of
the lips in the midsagittal plane to top of the head.

20. MENTON TO VERTEX: vertical distance from tip of the chin to the
level of the top of the head.

21. SELLION-MENTON: vertical distance from the deepest point in the
nasal root depression to tip of the chin.

22. MINIMUM FRONTAL BREADTH: breadth of the forehead between the
greatest indentations of the temporal crests above the brow ridges.

23. FACE BREADTH: breadth of the face across the zygomatic arches.

24. BIOCULAR BREADTH: distance between the outer corners of the
eyes.

25. INTERPUPILLARY DISTANCE: distance between the centers of the
pupils.

26. SELLION-SUBNASALE: vertical distance from the lowest point in the
nasal root depression to the base of the nasal septum.

27. NOSE BREADTH: maximum breadth of the nose.
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APPENDIX B

MALE AND FEMALE REGRESSION EQUATIONS FOR ALL MODELS

57



m0o 0 ) ciO liC ~ D L ,

r- LI. -

c- 7)C w3 &fl Lsn' r a0 a)C. m'4 GO- m C) o

43

(/) C) cN. -~l 00 C). 01~

2c 0 c7 0-. -. -0) 0. 0- m00

to) (7 c o .

0LJ

o~~~~4 4. 4-. 4.0 DJ Il0 "0 ~
.2 0l 4m toU U) C 0) qD en 0). -l C- D -0~

13 41 0 c *

C C3

14D 0) ~
0 c@3 . . . . .l l c c

4p 4

431
a L ~ l w c D L

m u.3

Li 4 eJ U)'J (U' SCJr'J u)3
43u4 '( )D (l) (.) I'J (3'

@3 0l C .) .> C3 c3.) C CC C

LI. L 00 0 00 0 0000 0

01 u
a CuL
a U2ta -

.1c 41 41 <14 1 4 1

cc c3. M

Q) ac
s- CIc

Kt

43

CIC)

cI Liv =c:

43 5). 'o Li mi _j ( U

U) E -4- cI- E- 0- 3 D E 4

C 144 I 1/)58



m- toC' -W0* OLD 'w C) qw - cov) -

en W- V0c) -- (D CD ~ IWO L-cn (

4) O)C'. 0!mcoV

It w' n0 - -r) 0Cj ODG 00

C..- 0L.f (7)c cl0 'nco C>C

Cz If!

LLa

-c 4- 'n ~ 0n mJ CD 00 oe
00 0 ) ( s -4 L t Lr

uJ =) 00 00. 00 00, 00, 00 00C l C

00 it' #cF-
,n. ecn (D40 00 ~ ( O c- -

I- 'M C, -nc.I

U. co 000 -- 00 M'.- CSM('J0

C) 00 0 .- 0 0000

to qw ~ In IonP

0~~C L ffO ca

cc I

If) LO. 00 C0j 0W0

4-

0L
2!~

('a C)

cu -x xaI

C) -m acI 0

C0 (3. U.)= - o

oLL U) J:

*i CD 3) (D

CD E - 4 4 w

Li. LD V ( V CD 0 ( V @59



.2 ol OD(0 to en - D L)~ t- LO0i V)--

Cli I.-
enKie ' n CiC n - l

2t

4) .) P. r C nU)-

(00 (0w ( 46(60

Ln LO to t (0D ()DO r.- co o

.2 ( 00 00 co CJ>* w =CO c

a~

r,~ .Ul rJ L.UI (fle --
In CV 00 (D CJ.w ko f C

-J * = * .* C> C.a ;C

-J ).0 00 00 00 00 00 00

UU
a) J toJ (Si Lc) 0-( ( C W)0

C, r,- 0)(0 tvJN 0cr.0

(1.., c Vl CIOC. ('I' P,(~ U'J) c0))1O)c
0 *.
c.) 0 00 00 00 00

4 4 4444

V1)

0 rC ci T t 3 r--- L0 Q-. co c
tn C 00 00 00 00 .- i- ( l! V)

, C> co C C> . C> C)

14-
0

V U. LA.) (Ad
01 C Lad LL) L) Ladm L .) K KE. LaJ

'a -i 0 -U,

:51 Lad CIDa

C.) I-L LO. Lad x-
K Lad i L".

0I 0r F. -4J ;mof K' -JJ cc 0

w La) )-J V
.me 0-ccJ.~

11) E - a- En 4-EnE4- Z

60



0

en to

LU

Li 4- en-

0

('4 co, m - C, C, -e

0 C
ruo CC. C C) C> C C> 0,

4. 4-1 * ~ *~ *

41 "! 4%) (S .- 0 l. . 0 0

m CIe C -
0j c l l 1

LL4- O

r, t

-c 4- U, 1%, C'CI - n c L ) L

0 - -- 0~
04

L.LJ
UU

I0IC co
0c (LJ 00

.- a-4) c

com 4- u - .

u.61



lc: 'l *1 *c) l
COO .- 0! 9

at

CL ~ ~ I 4-tom rmM c Go C to - w

~0
-o c0o C)L

ff CC. o C- LnC -- (O 9
cA C.3 6O aO~ Cl > c- CO CO C C. C

'ar

C 0
s - _j - CLC) ca c3 0 (A. C' C)C (A c cn C

=I 1. 1 M c- I L ~
- 0C

c t7 4-. CIO (AC' 4DJ c30. cD C , C(0(0 c a

C-D. C.) 00 0 0 00 C0 0- 00 00q , oDf) m o

10 4~ c

(0 .-L L ) 0CO (
C ~ - cy c-) CO '0 Aty0 '(A ((J r

1^ -lC C . z

0~~~ ata > c I.-C ) ) c l c3C ? c
(A w

4n 0

C)2

cm CI CI (D a-

*~ I

.0 ca_ E )C
-aK - m -

Luj E 4 - WVE (D 4 n E w E I

162



.r C) OD *l *

CC7 (ID V: ~ 19 l
C!J

0

-a (D coD LOJ 00~~

0 -a (D .

u0 OU9 m

Cj, 4- cDO 0)0 i co C)8 c

0 . . .

01 4- 4.0 41r

CD a) p.0 ONI 00: C.'J 00

-Jb Ofcl V 00 00i 00 00 00i G0 00li

xI)
co

4L o *n " *2 * C * 2 c * C

C0 C) CD ) CO C20 C)j C>l C>J

0 ~ 4 4-( 0 . -K~N 4k00.-

en m- 000 w n m c . c

m 00c l vC n -

w- Li 00 00 000V0)00

InA

0~ Ui

4-j

C) u)

i I. Ix co I-

uj,

12E

0. U, cu ex) cm-

LI.) L) 63



I .U, fl , - ~ W c C

w~ C~o mN r 'n~U .LO

0

0

z-*. 0= r(0 C) (0 cNJ) o U

0 , c~l CD0) 6) =C. (o Lo)0 C0)

Laj

- D 41 0 -- C\!S r- 0 e c
-1 0

_j L) 00 00 C0 00 C 0 00 00C) C.c

_j 0

X 0) r- L en0 0)lO m0U 0m m0n-~ 1)

to a) CN ) C) en

0)

0~ ~ 4-) U*0 ))U(N L 00

- ~ c w- en0 -w ~(0 ~ U
(0'o(J . (7J c, (NI (NJ (NJ - (NJ In (J -

(m V0ne ,a D0

m G ~ -O 00) In -> 0) Llj (D
In U, c)C' ('J0 mNr

O 41 U Cr- Cr. ) C. 0 C0) (00 cr-.LO ~lc> C

00

cl)Um

0~ U,- C-)0 00 0)Uer. LO
2E 0': ;m u- W <0U. ~.-N

In at0 00- - NJ -

00 00 0 0x0 00
j4c

La w- I-f cI-.-

L)0 I- f-xL
LJ :I. La La

a. 2t L

4- La) EM14 COX41 4-- (M ME 4!) t-n4 44

64



09e ) Lo -

..

C-) -

0
Li 'n co CCD-('

0

CoL C) co a) - 00

00

L.J

C- J0(4- ED C 4 00m %
-J0

-j L.)) CD 3 ) LOU)

0m C 19m~ (4

0 4- m- CD(D co- toL
-D 4) CD4 C)( C)' C> U)C

oI .- ( 0 CC'('

n 10 r 0) 0) - 4 '4i0)

UC)

CF ~ ~~ ~ ~ ~ (3 (0 ., MC)a
-, .li C) - C W ,C, C

C) 0) C, 00) 0 -C C>C

0) -WJ 2!: X)s 0

LAJ

-U-
CID Cl

m) C3

< C
o LAJ

*C LU 'U

0~ cu I- CD
CL m E

4a 4. - Z 21-

65



APPENDIX C

ESTIMATED DIFFERENCES BETWEEN MALES AND FEMALES

FOR ALL INDEPENDENT VARIABLES, FOR ALL MODELS

NOTE: All Dimensions in millimeters; negative values indicate larger female dimensions
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Table 15. Estimated Male minus Female Computed Values with
Sellion-Menton and Face Breadth as Dependent Variables

Sellion-Menton

Sellion-Tragion 107.20 110.40 113.60 116.80

129.00 0.28 0.15 0.03 -0.10
Face Breadth 133.00 0.27 0.15 0.02 -0.11

137.00 0.27 0.14 0.01 -0.11
141.00 0.26 0.13 0.01 -0.12

Sellion-Menton

Subnasale-Tragion 107.20 110.40 113.60 116.80

129.00 1.88 1.84 1.81 1.77
Face Breadth 133.00 1.87 1.83 1.80 1.76

137.00 1.86 1.82 1.79 1.75
141.00 1.85 1.81 1.78 1.74

Sellion-Menton

Menton-Tragion 107.20 110.40 113.60 116.80

129.00 3.58 3.41 3.24 3.07
Face Breadth 133.00 2.53 2.37 2.20 2.03

137.00 1.49 1.32 1.16 0.99
141.00 0.45 0.28 0.11 -0.06

Sellion-Menton

Glabella-Tragion 107.20 110.40 113.60 116.80

129.00 1.70 1.49 1.27 1.06
Face Breadth 133.00 1.62 1.40 1.19 0.98

137.00 1.54 1.32 1.11 0.90
141.00 1.45 1.24 1.03 0.81

Sellion-Menton

Pronasale-Tragion 107.20 110.40 113.60 116.80

129.00 1.44 1.53 1.62 1.70
Face Breadth 133.00 1.24 1.33 1.41 1.50

137.00 1.04 1.12 1.21 1.30
141.00 0.83 0.92 1.01 1.10
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Table 15. Continued page 2 of 5

Sellion-Menton

Stomion-Tragion 107.20 110.40 113.60 116.80

129.00 1.96 1.98 2.00 2.02
Face Breadth 133.00 1.63 1.65 1.67 1.69

137.00 1.30 1.32 1.34 1.36
141.00 0.97 0.99 1.01 1.03

Sellion-Menton

Ectocanthus-Tragion 107.20 110.40 113.60 116.80

129.00 0.29 0.19 0.09 -0.01
Face Breadth 133.00 -0.24 -0.34 -0.44 -0.54

137.00 -0.78 -0.88 -0.98 -1.08
141.00 -1.32 -1.42 -1.52 -1.61

Sellion-Menton

Bitragion-Frontal Arc 107.20 110.40 113.60 116.80

129.00 -0.12 0.23 0.59 0.94
Face Breadth 133.00 -0.22 0.13 0.49 0.84

137.00 -0.32 0.03 0.39 0.74
141.00 -0.42 -0.06 0.29 0.64

Sellion-Menton

Bitragion-Menton Arc 107.20 110.40 113.60 116.80

129.00 9.48 10.15 10.83 11.50
Face Breadth 133.00 6.37 7.04 7.72 8.39

137.00 3.26 3.94 4.61 5.29
141.00 0.15 0.83 1.50 2.18

Sellion-Menton

Bitragion-Submandibular Arc 107.20 110.40 113.60 116.80

129.00 16.02 15.76 15.49 15.23
Face Breadth 133.00 12.62 12.35 12.09 11.82

137.00 9.22 8.95 8.69 8.42
141.00 5.82 5.55 5.29 5.02
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Table 15. Continued page 3 of 5

Sellion-Menton

Tragion-Wall 107.20 110.40 113.60 116.80

129.00 3.17 2.76 2.35 1.94
Face Breadth 133.00 3.10 2.68 2.27 1.86

137.00 3.02 2.61 2.20 1.79
141.00 2.95 2.54 2.12 1.71

Sellion-Menton

Bitragion Breadth 107.20 110.40 113.60 116.80

129.00 3.11 2.55 1.99 1.44
Face Breadth 133.00 3.01 2.45 1.90 1.34

137.00 2.91 2.35 1.80 1.24
141.00 2.81 2.25 1.70 1.14

Sellion-Menton

Tragion-Vertex 107.20 110.40 113.60 116.80

129.00 -0.15 -0.33 -0.52 -0.70
Face Breadth 133.00 0.04 -0.14 -0.32 -0.51

137.00 0.23 0.05 -0.13 -0.31
141.00 0.43 0.24 0.06 -0.12

Sellion-Menton

Ectocanthus-Vertex 107.20 110.40 113.60 116.80

129.00 -0.92 -0.79 -0.65 -0.52
Face Breadth 133.00 -0.76 -0.63 -0.50 -0.37

137.00 -0.61 -0.48 -0.35 -0.21
141.00 -0.45 -0.32 -0.19 -0.06

Sellion-Menton

Glabella-Vertex 107.20 110.40 113.60 116.80

129.00 -4.67 -4.55 -4.43 -4.31
Face Breadth 133.00 -4.50 -4.38 -4.26 -4.14

137.00 -4.33 -4.21 -4.09 -3.97
141.00 -4.16 -4.04 -3.92 -3.80
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Table 15. Continued page 4 of 5

Sellion-Menton

Sellion-Vertex 107.20 110.40 113.60 116.80

129.00 -2.39 -2.67 -2.66 -2.79
Face Breadth 133.00 -2.47 -2.60 -2.74 -2.87

137.00 -2.55 -2.68 -2.81 -2.95
141.00 -2.62 -2.76 -2.89 -3.02

Sellion-Menton

Pronasale-Vertex 107.20 110.40 113.60 116.80

129.00 -5.26 -5.19 -5.12 -5.05
Face Breadth 133.00 -5.62 -5.55 -5.48 -5.41

137.00 -5.97 -5.90 -5.83 -5.76
141.00 -6.33 -6.26 -6.19 -6.12

Sellion-Menton

Subnasale-Vertex 107.20 110.40 113.60 116.80

129.00 -4.79 -4.65 -4.51 -4.37
Face Breadth 133.00 -5.12 -4.98 -4.84 -4.70

137.00 -5.45 -5.31 -5.17 -5.03
141.00 -5.78 -5.64 -5.50 -5.36

Sellion-Menton

Stomion-Vertex 107.20 110.40 113.60 316.80

129.00 -2.55 -2.68 -2.81 -2.94
Face Breadth 133.00 -2.83 -2.96 -1.11 -3.22

137.00 -3.11 -3.24 -3.37 -3.50
141.00 -3.39 -3.52 -3.65 -3.78

Sellion-Menton

Menton-Vertex 107.20 110.40 113.60 116.80

129.00 -2.68 -2.95 -3.22 -3.50
Face Breadth 133.00 -2.60 -2.88 -3.15 -3.42

137.00 -2.53 -2.80 -3.07 -3.35
141.00 -2.45 -2.72 -3.00 -3.27
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Table 15. Continued page 5 of 5

Sellion-Menton

Minimum-Frontal Breadth 107.20 110.40 113.60 116.80

129.00 -1.25 -0.59 0.06 0.71

Face Breadth 133.00 -0.30 0.36 1.01 1.66

137.00 0.65 1.31 1.96 2.61

141.00 1.60 2.26 2.91 3.56

Sellion-Menton

Biocular Breadth 107.20 110.40 113.60 116.80

129.00 1.16 1.81 2.26 2.81

Face Breadth 133.00 1.08 1.63 2.18 2.73

137.00 1.01 1.56 2.11 2.66
141.00 0.94 1.48 2.03 2.58

Sellion-Menton

Interpupillary Dist. 107.20 110.40 113.60 116.80

129.00 -2.66 -2.32 -1.97 -1.62

Face Breadth 133.00 -2.59 -2.25 -1.90 -1.55
137.00 -2.52 -2.18 -1.83 -1.48
141.00 -2.45 -2.10 -1.76 -1.41

Sellion-Menton

Sellion-Subnasale 107.20 110.40 113.60 116.80

129.00 0.28 0.56 0.84 1.12

Face Breadth 133.00 0.21 0.49 0.77 1.05
137.00 0.13 0.41 0.69 0.97
141.00 0.06 0.34 0.62 0.90

Sellion-Menton

Nose Breadth 107.20 110.40 113.60 116.80

129.00 2.19 1.94 1.68 1.43

Face Breadth 133.00 2.34 2.09 1.84 1.58
137.00 2.50 2.24 1.99 1.74
141.00 2.65 2.40 2.14 1.89
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Table 16. Estimated Male minus Female Computed Values with Sellion
Menton and Bitragion-Submandibular Arc as Dependent
Variables

Sellion-Menton

Sellion-Tragion 107.20 110.40 113.60 116.80

268.20 -1.50 -1.46 -1.43 -1.40
Bitrag-Subman Arc 277.40 -2.08 -2.05 -2.01 -1.98

286.60 -2.66 -2.63 -2.59 -2.56
295.80 -3.24 -3.21 -3.17 -3.14

Sellion-Menton

Subnasale-Tragion 107.20 110.40 113.60 116.80

268.20 1.92 1.97 2.01 2.05
Bitrag-Subman Arc 277.40 1.68 1.72 1.76 1.81

286.60 1.43 1.48 1.52 1.56
295.80 1.19 1.23 1.27 1.32

Sellion-Menton

Menton-Tragion 107.20 110.40 113.60 116.80

268.20 4.86 4.67 4.49 4.30
Bitrag-Subman Arc 277.40 4.47 4.28 4.10 3.91

286.60 4.08 3.90 3.71 3.53
295.80 3.69 3.51 3.32 3.14

Sellion-Menton

Glabella-Tragion 107.20 110.40 113.60 116.80

268.20 -1.61 -1.48 -1.34 -1.20
Bitrag-Subman Arc 277.40 -2.25 -2.11 -1.97 -1.83

286.60 -2.88 -2.74 -2.60 -2.46
295.80 -3.51 -3.37 -3.24 -3.10

72



Table 16. Continued page 2 of 6

Sellion-Menton

Pronasale-Tragion 107.20 110.40 113.60 116.80

268.20 0.64 0.86 1.08 1.31
Bitrag-Subman Arc 277.40 0.13 0.35 0.57 0.79

286.60 -0.39 -0.16 0.06 0.28
295.80 -0.90 -0.67 -0.45 -0.23

Sellion-Menton

Stomion-Tragion 107.20 110.40 113.60 116.80

268.20 1.98 2.04 2.10 2.16
Bitrag-Subman Arc 277.40 1.76 1.82 1.88 1.95

286.60 1.54 1.60 1.66 1.73
295.80 1.32 1.38 1.45 1.51

Sellion-Menton

Ectocanthus-Tragion 107.20 110.40 113.60 116.80

268.20 -0.63 -0.45 -0.27 -0.09
Bitrag-Subman Arc 277.40 -1.69 -1.50 -1.32 -1.14

286.60 -2.74 -2.56 -2.37 -2.19
295.80 -3.79 -3.61 -3.43 -3.24

Sellion-Menton

Bitragion-Frontal Arc 107.20 110.40 113.60 116.80

268.20 -1.42 -0.79 -0.15 0.48
Bitrag-Subman Arc 277.40 -1.55 -0.91 -0.28 0.35

286.60 -1.68 -1.04 -0.41 0.22
295.80 -1.80 -1.17 -0.54 0.09

Sellion-Menton

Bitragion-Menton Arc 107.20 110.40 113.60 116.80

268.20 -0.44 0.26 0.96 1.66
Bitrag-Subman Arc 277.40 -0.73 -0.03 0.67 1.38

286.60 -1.02 -0.31 0.39 1.09
295.80 -1.30 -0.60 0.10 0.80
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Table 16. Continued page 3 of 6

Sellion-Menton

Face Breadth 107.20 110.40 113.60 116.80

268.20 0.63 1.06 1.48 1.90
Bitrag-Subman Arc 277.40 -0.39 0.04 0.46 0.88

286.60 -1.41 -0.99 -0.56 -0.14
295.80 -2.43 -2.01 -1.58 -1.16

Sellion-Menton

Tragion-Wall 107.20 110.40 113.60 116.80

268.20 1.87 1.27 0.68 0.08
Bitrag-Subman Arc 277.40 2.81 2.21 1.62 1.02

286.60 3.75 3.15 2.56 1.96
295.80 4.69 4.09 3.50 2.90

Sellion-Menton

Bitragion Breadth 107.20 110.40 113.60 116.80

268.20 3.24 3.09 2.93 2.78
Bitrag-Subman Arc 277.40 2.17 2.02 1.86 1.71

286.60 1.10 0.95 0.79 0.64
295.80 0.03 -0.12 -0.28 -0.43

Sellion-Menton

Tragion-Vertex 107.20 110.40 113.60 116.80

268.20 -0.63 -0.90 -1.17 -1.44
Bitrag-Subman Arc 277.40 0.20 -0.07 -0.34 -0.61

286.60 1.03 0.76 0.49 0.21
295.80 1.86 1.59 1.32 1.04

Sellion-Menton

Ectocanthus-Vertex 107.20 110.40 113.60 116.80

268.20 -2.99 -2.83 -2.67 -2.50
Bitrag-Subman Arc 277.40 -2.31 -2.14 -1.98 -1.82

286.60 -1.62 -1.46 -1.29 -1.13
295.80 -0.93 -0.77 -0.60 -0.44
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Table 16. Continued page 4 of 6

Sellion-Menton

Glabella-Vertex 107.20 110.40 113.60 116.80

268.20 -7.08 -6.97 -6.86 -6.76
Bitrag-Subman Arc 277.40 -6.05 -5.94 -5.84 -5.73

286.60 -5.02 -4.92 -4.81 -4.71
295.80 -4.00 -3.89 -3.79 -3.68

Sellion-Menton

Sellion-Vertex 107.20 110.40 113.60 116.80

268.20 -5.47 -5.53 -5.59 -5.66
Bitrag-Subman Arc 277.40 -4.88 -4.94 -5.01 -5.07

286.60 -4.29 -4.36 -4.42 -4.48
295.80 -3.70 -3.77 -3.83 -3.89

Sellion-Menton

Pronasale-Vertex 107.20 110.40 113.60 116.80

268.20 -8.82 -8.74 -8.66 -8.59
Bitrag-Subman Arc 277.40 -8.14 -8.07 -7.99 -7.92

286.60 -7.47 -7.39 -7.32 -7.24
295.80 -6.79 -6.72 -6.64 -6.57

Sellion-Menton

Subnasale-Vertex 107.20 110.40 113.60 116.80

268.20 -7.59 -7.40 -7.20 -7.00
Bitrag-Subman Arc 277.40 -7.28 -7.09 -6.89 -6.70

286.60 -6.98 -6.78 -6.59 -6.39
295.80 -6.67 -6.47 -6.28 -6.08

Sellion-Menton

Stomion-Vertex 107.20 110.40 113.60 116.80

268.20 -5.90 -5.98 -6.05 -6.13
Bitrag-Subman Arc 277.40 -5.40 -5.47 -5.55 -5.63

286.60 -4.89 -4.97 -5.05 -5.13
295.80 -4.39 -4.47 -4.55 -4.63
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Sellion-Menton

Menton-Vertex 107.20 110.40 113.60 116.80

268.20 -5.12 -5.36 -5.60 -5.84
Bitrag-Subman Arc 277.40 -4.39 -4.63 -4.87 -5.11

286.60 -3.67 -3.91 -4.15 -4.39
295.80 -2.95 -3.19 -3.43 -3.67

Sellion-Menton

Minimum-Frontal Breadth 107.20 110.40 113.60 116.80

268.20 -0.32 0.67 1.66 2.65
Bitrag-Subman Arc 277.40 -0.31 0.68 1.67 2.66

286.60 -0.31 0.68 1.67 2.66
295.80 -0.30 0.69 1.68 2.67

Sellion-Menton

Biocular Breadth 107.20 110.40 113.60 116.80

268.20 0.47 1.07 1.67 2.27
Bitrag-Subman Arc 277.40 0.67 1.27 1.87 2.47

286.60 0.87 1.47 2.07 2.67
295.80 1.07 1.67 2.27 2.87

Sellion-Menton

Interpupillary Dist. 107.20 110.40 113.60 116.80

268.20 -2.74 -2.30 -1.86 -1.43
Bitrag-Subman Arc 277.40 -2.78 -2.34 -1.91 -1.47

286.60 -2.82 -2.38 -1.95 -1.51
295.80 -2.86 -2.43 -1.99 -1.55

Sellion-Menton

Sellion-Subnasale 107.20 110.40 113.60 116.80

268.20 0.51 0.89 1.27 1.65
Bitrag-Subman Arc 277.40 -0.01 0.37 0.75 1.13

286.60 -0.53 -0.15 0.23 0.61
295.80 -1.05 -0.67 -0.29 0.09
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Sellion-Menton

Nose Breadth 107.20 110.40 113.60 116.80

268.20 1.86 1.67 1.49 1.30Bitrag-Subman Arc 277.40 1.95 1.77 1.58 1.39
286.60 2.04 1.86 1.67 1.49
295.80 2.14 1.95 1.77 1.58
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